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Abstract 

The  preparation  of  LiCoyMnxNi ,  _x_  v02  from  Li  Oil  •  H  20,  Ni(OH)2  and  y-MnOOH  in  air  was  studied  in  detail.  Single-phase 
LiCovMn  j.Nij.j  02  (0  :g  y  <;  0.3  and  x  =  0.2)  is  obtained  by  heating  at  830-900°C.  The  optimum  heating  temperatures  are  850°C  for 
y  =  0-0.1  and  900°C  for  y  =  0.2-0. 3.  Excess  lithium  (l^z<;l.ll  for  y  =  0.2)  and  the  Co  doping  level  (0.05  ^  y  <£  0.2)  do  not 
significantly  affect  the  discharge  capacity  of  IizCo  Mn02Ni0 g  02.  The  doping  of  Co  into  LiMn0  2Ni0  8Oz  accelerates  the  oxidation  of 
the  transition  metal  ion,  and  suppresses  partial  cation  mixing.  Since  the  valence  of  the  manganese  ion  in  LiMn02Ni08O2  is  determined  to 
be  4,  the  formation  of  a  solid  solution  between  LiCo^Nij.yOj  and  Li , MnO,  is  confirmed.  ©2000  Elsevier  Science  S.A.  All  rights 
reserved. 

Keywords:  Cathode  material  for  lithium  ion  batteries;  LiCovMnJ.Ni ,  _x_  v02;  The  valence  of  Mn  in  LiCovMn  r Ni ,  _x_  vO;  Optimum  preparation 
temperature;  Electrochemical  property 


1.  Introduction 

Layered  LiNiOz,  which  has  been  used  as  a  cathode 
material,  has  a  relatively  low  cost  and  high  capacity  when 
used  in  lithium  ion  batteries  [1-9];  however,  there  are  two 
important  problems  for  such  a  cathode.  One  problem  is  the 
difficulty  in  the  preparation  of  electroactive  LiNi02  be¬ 
cause  its  discharge  capacity  significantly  depends  on  the 
Li/Ni  ratio  in  LitNi02,  partial  cation  mixing  and  the 
oxidation  state  of  nickel.  The  other  problem  is  the  poor 
cycle  life  of  the  LiNiO,  electrode  when  it  is  charged  to  a 
high  voltage  (4.3  V  vs.  Li+/Li)  for  withdrawing  a  higher 
capacity. 

We  solved  these  problems  by  the  substitution  of  Ni  with 
Mn.  Li.Mn01Ni09O2  prepared  in  02  shows  a  constant 
discharge  capacity  of  ca.  160  mA  h/g  over  the  wide  range 
of  z  from  0.98  to  1.10  [10,11].  Capacity  fading  of  this 
compound  is  lower  than  that  of  LiNi02.  Furthermore, 
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electroactive  LiMnvNi!_t02  can  be  prepared  in  air  for 
x  ;>  0.2  though  its  capacity  decreases  by  about  10%. 

A  convenient  way  to  overcome  the  relatively  lower 
capacity  of  LiMnrNi,_v02  prepared  in  air  would  be  the 
Co  doping  of  LiMnvNij_t02  because  the  presence  of 
cobalt  stabilizes  the  structure  in  a  strictly  two-dimensional 
fashion.  We  have  found  that  the  Co  doping  of 
LiMn02Ni08O2  increases  the  discharge  capacity  when 
such  compounds  are  prepared  in  air.  In  this  paper,  we 
report  the  optimum  conditions  for  the  synthesis  of  the 
electroactive  LizCo  MnzNit_  v02,  its  electrochemical 
properties  and  the  valence  of  Mn  in  it. 


2.  Experimental 

A  manganese  compound,  y-MnOOH  (Tohso),  was  used 
as  the  manganese  source.  It  is  a  very  fine,  needle-like 
particle  with  a  0. 1-0.2  pmi  diameter.  The  cobalt  source 
was  Co304.  LiOH  •  H20  (2.06  g),  Ni(OH)2  (3.48  g), 
y-MnOOH  (0.88  g)  and  Co304  (0.20  g)  were  mixed 
( y  =  0.05,  and  x  =  0.2)  and  ground  using  a  mortar  and 
pesde.  The  mixture  was  then  pressed  at  800  kg/cm2.  The 
obtained  disks  were  heated  in  air  at  700-900°C  for  20  h. 
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Fig.  1.  Schematic  diagram  of  two-crystal  spectrometer.  XG:  X-ray  gener¬ 
ator;  Sa:  sample;  X:  X-ray;  S:  slit;  C, :  first  crystal;  C2:  second  crystal; 
R,:  first  rail;  R  , :  second  rail;  Rc:  center  rail;  JP:  joint  plate;  PC:  flow 
proportional  counter;  E:  encoder;  BS:  ball  screw;  M:  servomotor. 


Crystallographic  characterization  of  the  samples  was 
carried  out  using  a  Rigaku  diffractometer  (RINT  1000) 
with  FeKa  radiation.  We  used  Izumi's  Rietveld  program 
(RIETAN)  for  the  analysis  of  the  powder  diffraction  pro¬ 
files  as  previously  reported  [10,11]. 

High  resolution  fluorescence  measurements  of  the 
MnKal  emission  with  a  double  crystal  was  done  using  a 
Technos  XFRA190  X-ray  fluorescence  spectrometer  as 
shown  in  Fig.  1.  Disk  samples  made  from  manganese 
oxide  powders  were  excited  by  a  Rh  target  tube,  and 
fluorescence  spectra  were  measured  using  Ge  (220)  ana¬ 
lyzer  crystals  and  a  slit  of  1°  for  vertical  divergence.  The 
average  oxidation  numbers  of  the  standard  manganese 
oxide  samples  were  determined  by  chemical  analysis  [12]. 

The  charge /discharge  characteristics  of  the  LiCo  - 
MnrNi,_t_v02  cathodes  were  examined  in  laboratory 
cells.  The  cell  was  comprised  of  a  cathode  and  lithium 
metal  anode  separated  by  a  polypropylene  separator  and 
glass  fiber  mat.  The  cathode  consisted  of  20  mg  of 
LiCo  Mn^Ni,^  02  and  12  mg  conducting  binder 
pressed  on  a  stainless  steel  screen  at  800  kg/cm2  and  then 
dried  at  200°C  for  4  h.  The  electrolyte  solution  was  1  M 
LiPF6/EC  (ethylene  carbonate)  and  DMC  (dimethyl- 
carbonate).  The  EC  and  DMC  were  mixed  in  a  1:2  volume 
ratio.  The  cell  was  cycled  in  the  voltage  range  of  3. 0-4. 3 
V  at  a  current  density  of  0.4  mA/cnr. 


3.  Results  and  discussion 

3.1.  Preparation  of  LiCoyMnxNilf_  x_  y02  in  air 

We  have  already  reported  that  the  electroactive 
LiMn02Ni08O2  with  a  discharge  capacity  of  140  mA  h/g 
can  be  prepared  in  air  containing  C02  and  moisture  [10,1 1]. 
Cobalt  is  doped  into  the  LiMn02Ni08O2  system  in  order 
to  increase  the  capacity  because  the  doping  of  cobalt  into 


Fig.  2.  XRD  profiles  of  LiCovMn0 2Ni0 8_v02  samples  (y  =  0.05  and 
0.30)  prepared  at  various  temperatures  in  air. 

the  lithium-nickel  oxide  matrix  stabilizes  its  layered  struc¬ 
ture  [13]. 

Fig.  2  shows  the  XRD  patterns  of  the  products  obtained 
by  heating  the  LiOH  •  H20-Ni(OH)2-y-MnOOH-Co304 
mixture  at  700-900°C.  The  Li2Mn03  phase  is  recognized 
as  an  impurity  at  the  lower  heating  temperature  of  700°C 
for  the  lower  Co  doping  level  of  y  =  0.05  in  LiCo  - 
Mn0  2Ni0  8_  v02;  however,  the  peaks  of  the  impurity  phase 
completely  diminish  by  heating  at  850°C.  When  the  heat¬ 
ing  temperature  is  not  enough  high,  Li2Mn03  formed 
from  LiOH  and  y-MnOOH  remains  as  an  impurity  be¬ 
cause  the  formation  of  LiMnvNi,_t02  from  Li  Ni02  and 
Li2Mn03  does  not  proceed  smoothly  at  temperature  lower 
than  850°C  (x  =  0.2)  [10,11].  On  the  other  hand,  the  peaks 
of  the  LiCo02  phase  are  observed  for  the  sample  (  y  = 
0.30)  heated  at  850°C;  however,  this  mixture  becomes  a 
single  phase  by  heating  at  900°C.  As  LiMn02Ni08O7  is 
formed  by  heating  at  850°C  [10,11],  LiCovMn02Ni0  8_y02 
would  be  formed  by  the  solid  state  reaction  of 
LiMn02Ni08O2  with  LiCo02  at  temperatures  higher  than 
850°C.  Single-phase  LiCovMn02Ni08_yO2  (0^y^0.3) 
with  a  space  group  R3m  can  be  successfully  synthesized  by 
heating  the  mixture  at  830-900°C. 

3.2.  Structure  characterization  of  LiCovMn0  2Ni0  8_v02 
prepared  in  air 


The  hexagonal  lattice  parameters,  a  and  c,  of 
LiCo0  05Mn02Ni0  75O2  prepared  in  air  at  700-900°C  were 
determined  by  Rietveld  refinement  and  are  shown  in  Fig. 
3.  The  samples  heated  at  temperatures  higher  than  830°C 
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Fig.  3.  The  relation  between  the  heating  temperature  and  hexagonal 
lattice  parameters,  a  and  c,  of  LiCo005Mn0.,Ni0  75Oi  samples. 
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are  single -phase  LiCo005Mn02Ni075O2;  however,  those 
heated  at  temperatures  lower  than  800°C  contain  a  trace 
amount  of  Li2Mn03  as  an  impurity.  Parameters  a  and  c 
of  the  samples  are  the  lowest  at  around  800-830°C,  where 
they  are  2.876  and  14.209  A,  respectively.  The  hexagonal 
unit  cell  volumes,  calculated  by  ]/3a2c/ 2,  are  also  the 
lowest  in  this  temperature  range.  Dahn  et  al.  [1]  reported 
that  the  cell  volume  of  Li  rNi v02  is  the  lowest  for  the 
ideal  layered  LiNi02.  Based  on  their  opinion, 
LiCo0  05Mn02Ni0  75O2  prepared  at  800-830°C  would  be 
the  closest  to  the  ideal  layered  structure  among  them 
prepared  at  700-900°C.  The  lowest  c/a  ratio  at  around 
800-830°C  would  suggest  the  formation  of  a  well-devel¬ 
oped  layered  structure,  since  partial  cation  mixing  in 
LiCorNii_v02  causes  a  decrease  in  the  c/a  ratio  [14]. 
The  heat  treatment  of  LiCo0  05Mn0 2Ni0  7502  at  a  higher 
temperature  would  cause  cation  mixing  with  the  loss  of 
oxygen  as  mentioned  by  Kanno  et  al.  [7],  so  the  a-  and 
c-axes  would  expand  by  the  heat  treatment  at  higher 
temperature. 

The  lattice  parameters,  a  and  c,  and  c/a  of  LiCov- 
Mn02Ni08_vO2  are  illustrated  as  a  function  of  y  in  Fig.  4. 
The  heating  temperatures  of  the  samples  are  850°C  for 
y  =  0,  0.05,  and  0.10  and  900°C  for  y  =  0.20  and  0.30, 
respectively.  Both  the  a-  and  c-axes  shrink  with  an  in¬ 
crease  in  the  Co  doping  level  as  was  the  case  for 
LiCovNi!_v02  [13,15,16].  The  shrinkage  of  the  c-axis  in 
LiCovMn02Ni08_vO2  at  the  lower  Co  doping  levels  (0 
y  A  0.1 )  is  smaller  than  that  at  the  higher  Co  doping  level 
(0.1  <y^  0.3).  On  the  other  hand,  the  c-axis  linearly 
shrinks  with  an  increase  in  the  Co  doping  level.  Since  the 
variation  in  the  c-axis  is  only  less  than  0.2%  and  relatively 
smaller  than  that  of  the  c-axis  (1.6%),  the  variations  in  the 
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Fig.  4.  Crystallographic  data  of  single-phase  LiCovMn0  oNi0  8_vOi  plot¬ 
ted  as  a  function  of  y. 


Table  1 


Occupancies  of  metal 
LiCoA.Mn0  2Ni0  8_},02 

ion  (Co, 

Mn,  Ni)  in  Li  layer  for  various 

Condition 

y 

Metal  occupancies  in 

Li  layer  (%) 

850°C,  20  h,  Air 

0 

7.2a 

850°C,  20  h,  Air 

0.05 

5.7 

850°C,  20  h,  Air 

0.1 

4.9 

900°C,  20  h,  Air 

0.2 

4.6 

900°C,  20  h.  Air 

0.3 

2.4 

“Refs.  [10,11], 


c/a  ratio  and  unit  cell  volume  are  mainly  due  to  the 
shrinkage  of  the  a-axis. 

The  occupancies  of  the  transition  metal  ion  (Co,  Ni,  and 
Mn)  in  the  lithium  layer  of  LiCo vMn0  2Ni0  8_  v02  were 
determined  by  the  Rietveld  refinement  and  are  summarized 
in  Table  1.  The  occupancy  of  the  transition  metal  ion  in 
the  lithium  layer  (3b  site)  decreases  with  an  increase  in  the 
Co  doping  level.  The  occupancy  in  LiCo0  3Mn0  2Ni0  502 
is  only  1  /3  and  1  /2  of  those  in  LiMn0  2Ni0  802  prepared 
in  air  and  02,  respectively.  This  means  that  the  Co  doping 
of  LiMn02Ni08O2  is  effective  to  stabilize  the  layered 
structure  as  was  reported  for  LiCovNi,_v02  [13]. 

3.3.  Oxidation  state  of  transition  metal  ion  in  LiCo  - 

^n0.2^1 0.8  -  y®2 

Fig.  5  shows  the  average  valence  of  the  transition  metal 
ions  in  LiCovMn02Ni08_yO2  prepared  in  air.  It  slightly 
increases  from  2.92  to  2.98  with  an  increase  in  the  Co 
doping  level  of  y  =  0-0.3;  however,  it  is  lower  than  that 
prepared  in  oxygen  (3.05  at  y  =  0).  If  the  valence  of  Co  in 
them  is  assumed  to  be  3,  the  average  valence  of  Ni  and  Mn 
will  increase  from  2.92  ( y  =  0)  to  2.978  (y  =  0.3).  This 
means  that  Co  would  accelerate  the  oxidation  of  Ni  and 
Mn.  A  nonlinear  change  at  y  =  0.2  would  be  caused  by  the 
elevated  heating  temperature  of  the  samples  with  y  =  0.2 
and  0.3,  since  the  decrease  in  the  oxidation  state  of  Ni  in 
LiNiOz  in  air  at  temperatures  higher  than  700°C  has  been 
already  confirmed  by  Yamada  et  al.  [17]. 


y  in  UCOyMno.2Nio.8-y02 


Fig.  5.  Average  oxidation  number  of  LiCovMn0  -,Ni0  8_  02  (0  g;  y  g;  0.3) 
prepared  in  air  and  LiMn0  2Ni0  8CL  prepared  under  flowing  02. 
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The  chemical  state  analysis  has  become  increasingly 
important,  especially  in  the  field  of  cathode  materials  for 
lithium-ion  batteries.  X-ray  photoelectron  spectroscopy, 
which  is  the  most  employed  method,  exploits  the  large 
efforts  to  estimate  chemical  state  from  the  spectrum,  and 
suffers  from  poor  reliability  of  data,  difficulty  in  applica¬ 
tion  to  bulk  sample  analysis  and  susceptibility  to  electro¬ 
static  effects  such  as  energy  shifts  and  curve  distortion 
which  require  complex  corrections.  Therefore,  for  the  bulk 
sample  analysis,  in  particular,  it  is  necessary  to  employ 
X-ray  emission  spectroscopy  (XES).  The  effects  of  chemi¬ 
cal  state  on  the  XES,  however,  are  small,  and  hence,  a 
high  resolution  X-ray  fluorescence  (HRXRF)  spectrometer 
is  required.  We  used  an  HRXRF  spectrometer  designed  by 
Gohshi  et  al.  [18]. 

The  MnKal  (5898-5900  eV)  spectra  showed  a  chemi¬ 
cal  shift  (deviation  from  metallic  Mn  in  the  energy  of  Kal) 
and  change  in  line  profile.  The  measured  parameters  of  the 
peak  position,  full-width  at  half-maximum  (FWHM),  and 
asymmetry  index  were  calculated  by  the  method  described 
by  Kawai  et  al.  [19]. 

We  found  that  the  chemical  shifts  for  various  man¬ 
ganese  oxides  have  a  linear  relation  with  the  oxidation 
number  of  the  Mn  ion  determined  by  the  chemical  analy¬ 
sis,  as  shown  in  Fig.  6.  The  chemical  shifts  of  FiMn0  r 
Ni09O2  and  FiMn02Ni08O2  (shown  by  O)  were  found  to 
be  —0.15  to  —0.17  eV,  which  are  nearly  equal  to  those 
(  —  0.14  to  —0.21  eV)  of  the  so-called  manganese  dioxide, 
such  as  |3-,  y-  and  \-Mn02.  The  valences  of  Mn  in 
FiMnrNi[_v02  are  estimated  to  be  3. 8-3. 9,  which  is  very 
close  to  4.  The  FWHM  of  the  MnKal  peak  also  depends 
on  the  oxidation  state  of  Mn  as  mentioned  [20].  The 
relationship  between  FWHM  and  the  oxidation  number  of 
Mn  for  various  manganese  oxides  is  shown  in  Fig.  7.  A 
lineal-  relation  is  observed  for  the  oxidation  number  of  Mn 
from  3  to  4;  however,  the  FWHM  values  of  manganese 
dioxides  and  Li  ,  MnO,  are  scattered  over  the  wide  range 


Fig.  6.  The  relation  between  the  chemical  shift  of  the  MnKal  peak  in 
HRXRF  spectra  and  the  valence  of  Mn  for  various  manganese  oxides.  (1) 
"y-MnOOH,  (2)  LiMn,04  prepared  in  N2,  (3)  LiMn204  prepared  in  air, 
(4)  Li0  33MnO2,  (5)  \-MnOo,  (6)  ~y-Mn  02,  (7)  p-MnO,  and  Li,MnOa, 
(8)  LiMn0  ,Ni09O2,  (9)  LiMn0 2Ni0 802. 


Fig.  7.  The  relation  between  FWHM  of  MnKal  peak  and  the  valence  of 
Mn  for  various  manganese  oxides.  (1)  7-MnOOH,  (2)  LiMn,04  prepared 
in  N2,  (3)  LiMn,04  prepared  in  air,  (4)  Li0  33MnO2,  (5)  \-Mn02,  (6) 
7-Mn02,  (7)  Li2Mn03,  (8)  P-Mn02. 

of  3.35-3.55  eV.  The  values  of  LiCo0  05Mn02- 
Nio7502  and  LiMn02Ni08O2  were  determined  to  be 
3.21-3.22  eV,  which  is  lower  than  those  (3.42-3.55  eV) 
of  the  manganese  dioxides.  However,  they  are  close  to  that 
(3.35  eV)  of  Li2Mn03,  which  contains  the  tetravalent  Mn 
ion.  As  described  above,  both  the  chemical  shift  and 
FWHM  data  would  indicate  that  Mn  in  LiCo005- 
Mn02Ni0  75O2  and  LiMn02Ni08O2  exist  as  a  tetravalent 
ion. 

Numata  et  al.  [21]  reported  that  layered  LiCo02  forms  a 
solid  solution  with  Li2Mn03,  and  it  is  formulated  as 
Li(Co,_  vLil/3Mn2x/3)02.  Rossen  et  al.  [22]  also  pro¬ 
posed  that  layered  LiNi02  makes  a  solid  solution  with 
Li2Mn03.  The  valences  of  Mn  in  the  solid  solution  should 
be  4,  and  then  the  HRXRF  data  for  LiCo0  05Mn02Ni075O2 
and  LiMn()  Ni0  802  strongly  support  the  formation  of  the 
solid  solutions,  LiCovNi]  _v02-Li2Mn03  and  LiNiO,- 
Li2Mn03.  The  formation  of  single-phase  compounds, 
LizMn01Ni09O2  (0.98  ^  z  S  1.10)  [10,11]  and  Li_- 
Co005Mn02Ni0  75O2  ( I  ^  7  1.2)  also  supports  the  fact 

that  both  LiNi02  and  LiCovNi,  ,02  would  form  a  solid 
solution  with  Li2Mn03. 

The  percentage  of  Ni(II)  for  total  Ni  in  LiMn0  2Ni0  802 
can  be  calculated  to  be  ca.  27%,  when  the  valences  of  Co 
and  Mn  are  assumed  to  be  3  and  4,  respectively.  The  3b 
site  occupancies  of  the  transition  metal  ions  determined  by 
the  Rietveld  analysis  is  less  than  6%,  so  the  occupancy  of 
Ni(II)  in  the  transition  metal  (Ni-Mn-Co)  layer  (3a  site)  is 
roughly  14%.  This  means  that  Ni(II)  ion  predominantly 
distributes  in  3a  site,  which  would  be  due  to  the  presence 
of  Mn  in  the  3a  site  because  Ni(II)  ion  equally  distributes 
3a  and  3b  sites  in  LiNi02  [23]  and  LiCorNi[_t02  [16]. 

3.4.  Electrochemical  behavior  of  LiCo  Mn0  2  Ni0  s_  y02 

Fig.  8  shows  the  initial  charge/discharge  curves  of 
Li/LiCoyMn02Ni0g_vO2  (y  =  0.05  and  0.30)  electrodes 
at  0.4  mA/cnr.  The  shapes  of  both  curves  are  similar  to 
each  other;  however,  the  delithiation  of  LiCo0  3- 
Mn02Ni05O2  occurs  at  a  slightly  higher  voltage  than  that 
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Fig.  8.  Charge/discharge  characteristics  of  LiCo0  05Mn0  2Ni0  7509  (solid 
line)  and  LiCo0  ,Mn0  2Ni0  5CL  (dashed  line). 

of  LiCo005Mn02Ni075O2.  The  slope  in  the  3.9-4. 3  V 
region  increases  with  an  increase  in  y  of  LiCo  - 
Mn02Ni08_  02.  The  charge  capacity  (up  to  4.3  V)  de¬ 
creased  with  an  increase  in  the  Co  doping  level  because  of 
its  higher  delithiation  voltage.  However,  their  irreversible 
capacity  (difference  between  initial  charge  capacity  and 
initial  discharge  capacity  (down  to  3.0  V))  also  decreased 
with  an  increase  in  the  Co  doping  level.  These  two  effects 
of  Co  doping  on  the  capacity  cancel  each  other,  and  hence 
the  discharge  capacities  of  LiCo  Mn02Ni0g  - 
02  (0.05  ^  v  A  0.3)  are  kept  roughly  constant. 

The  initial  discharge  capacities  of  LiCovMn02- 
Ni0  8_vO2(0.05  ^  y  ^  0.3)  prepared  at  various  heating 
temperatures  are  summarized  in  Table  2.  The  LiCov- 
^no.2^io.8-v02  (0.05  :g  y  0.  1)  samples  prepared  at 
830-850°C  deliver  a  discharge  capacity  greater  than  150 
mA  h/g.  Their  capacities  are  equal  to  that  of  Li- 
Mn(l ,  Ni0  s02  prepared  under  flowing  02.  This  means  that 
the  doping  of  5%  Co  allows  us  to  prepare  electroactive 
LiMn0  2Ni0 807  in  air. 

The  single-phase  LiCo0  ,Mnn  2  Ni0  502  prepared  at 
900°C  showed  a  slightly  lower  capacity  than  the  sample 
with  a  lower  Co  doping  level.  This  decrease  in  capacity  is 
mainly  due  to  a  decrease  in  the  charge  capacity  of 
LiCoo.3Mno.2Nio.5O2. 

Though  the  discharge  capacity  of  the  LiNi02  cathode 
significantly  decreases  in  the  presence  of  an  excess  amount 
of  Li,  the  LiMntNi!_  v02  cathode  shows  a  constant  dis¬ 
charge  capacity  at  atomic  ratios  of  the  Li /transition  metal 
from  0.98  to  1.10  [10,11].  This  is  an  important  property  for 
the  preparation  of  LiMn  vNi ,  _  v02  with  a  constant  capacity 
in  commercial  production.  Fig.  9  shows  the  relationship 


Table  2 

Discharge  capacities  of  single-phase  LiCo  Mn0 2Ni0  8_ v02 


Condition  y 

0 

0.05 

0.1 

0.2 

0.3 

700°C,  20  h.  Air 

- 

69 

- 

- 

- 

800°C,  20  h.  Air 

124 

146 

144 

151 

135 

830°C,  20  h.  Air 

128 

156 

157 

- 

- 

850°C,  20  h.  Air 

136 

155 

156 

156 

156 

900°C,  20  h.  Air 

59 

88 

129 

145 

146 

.1 . 1  .  .  I 

1  1.1 

Li/(Co+Mn+Ni)  ratio 

Fig.  9.  Effect  of  Li  content  on  the  discharge  capacity  of 
Li  ;Co0  05  Mn0  2  Ni0  75  02 . 

between  the  initial  discharge  capacity  of  LLCo005- 
Mn02Ni0  75O2  and  the  Li/transition  metal  atomic  ratio 
(z).  Their  discharge  capacities  do  not  depend  on  z  and  are 
roughly  constant  (155-158  mA  h/g).  This  means  that  the 
addition  of  excess  Li  does  not  essentially  affect  the  electro¬ 
chemical  property  of  LiCon^Mm,  iNin^CL  as  was  re¬ 
ported  for  LiMn  rNi1_,02  [10,11],  ' 

4.  Conclusion 

Electroactive  LiCovMn02Ni08_vO2  compounds  with 
discharge  capacities  greater  than  155  mA  h/g  were  suc¬ 
cessfully  prepared  in  air.  The  capacity  was  the  same  as  that 
of  LiMn02Ni08O2  in  oxygen.  Excess  lithium  and  the  Co 
doping  level  0.05  ^  y  ^  0.2  did  not  significantly  affect  the 
discharge  capacity  of  Li,CovMn0  2Ni0  8_vO2. 

The  doping  of  Co  into  LiMn02Ni08O2  accelerated  the 
oxidation  of  the  transition  metal  ion  and  suppressed  partial 
cation  mixing.  The  valence  of  the  manganese  ion  in 
LiCo0  05Mn02Ni0  75O2  was  estimated  to  be  4,  which  indi¬ 
cates  the  formation  of  a  solid  solution  between  LiCo  - 
Ni  | _  v02  and  Li2Mn03. 
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